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Introduction carrying Ext 1.4/GUS (b-glucuronidase) chimeric genes. The pattern of expression could be defined and
The plant cell wall is a complex association of polysacchacis-regulatory elements were localized in small regions rides and proteins. Current models describe it as a net of of the promoter. In healthy plants, expression was cellulose microfibrils and attached xyloglucans embedded essentially found in cells under mechanical stress, that in a pectin matrix and further consolidated by structural is at the emergence of lateral roots, at the junction proteins (Carpita and Gibeaut, 1993) . Abundant cell wall between stem and petiole and at the fusion of carpels.
proteins are divided into five categories according to their In roots of germinating plantlets, expression was found amino acid content and primary structure: hydroxyin the piliferous zone. In flowers, expression was found proline-rich glycoproteins (HRGPs), arabinogalactan on the one hand in the placenta, in the locular tissue proteins (AGPs), solanaceous lectins, proline-rich proof ovaries and in the zone of carpel fusion, and on the teins (PRPs), and glycine-rich proteins (GRPs) other hand in the connective tissue of anthers, in (Showalter, 1993; Keller, 1993) . Among these, extensins, mature and in germinating pollen. A developmental which are basic HRGPs, are the best characterized and regulation during seed germination, where the gene the most abundant structural glycoproteins found in cell fusion is transiently expressed in the endosperm and suspension cultures (for reviews, see Wilson and Fry, in the root tip before its expression becomes similar 1986; Showalter and Rumeau, 1990; Showalter, 1993 ; to that found in mature plants has also been shown. Kieliszewski and Lamport, 1994) . These proteins are rich The expression of the Ext 1.4/GUS chimeric gene was in Hyp, Ser, Lys, Tyr, Val, Thr, and His. They are also induced during cell proliferation under hormone characterized by three types of motifs ( Kieliszewski and control, for example, in response to Agrobacterium Lamport, 1994) : Ser-(Hyp) 4 repeats which are highly tumefaciens infection and in calli. However, when glycosylated and confer a polyproline II conformation on organogenesis occurred under hormone control, extensin molecules resulting in a rod-like shape (van Holst expression was never found in root or shoot primordia.
and Varner, 1984) ; Tyr-X-Tyr-Lys motifs, where X may Cis-regulatory elements important for expression of be Lys or Tyr, which are involved in iso-dityrosine intrathe Ext 1.4/GUS gene fusion in germinating seeds, molecular cross-links ( Fry, 1982) ; and X-Pro-Val-Tyrin mature plants or in proliferating cells have been
Lys motifs, where X may be Thr, Glu, Pro, His or Ile, localized in the proximal promoter region whereas which might be involved in intermolecular Tyr-Lys crossenhancer elements have been located further upstream.
links (Schnabelrauch et al., 1996) .
Extensins have been characterized in a large number transformation of tobacco plants. In this paper, the pattern of expression of the Ext 1.4 gene is described of plants (for a review, see Showalter, 1993) . Extensin genes are mainly expressed in roots and, to a lesser extent, during germination, in mature plants and in cells dividing under hormone control as well as a functional analysis in stems and are developmentally regulated (Showalter, 1993) . Their expression is induced by various stresses of its promoter region. Expression was found to be most significant in roots, stem nodes and flowers in tissues such as wounding (Chen and Varner, 1985; Peeters et al., 1994; Zhou et al., 1992; Ahn et al., 1996) , hormone where mechanical constraints exist. Cis-regulatory elements active during germination, in mature plants or in treatment ( Ecker and Davis, 1987; Memelink et al., 1993; Vera et al., 1994) , cold treatment ( Weiser et al., 1990) , cells proliferating under hormone control were located in the proximal region of the promoter. and hypoxia (Rumeau et al., 1990) . They may also be regulated in response to pathogen infections such as fungal (Benhamou et al., 1991) , bacterial (Swords and Materials and methods Staehelin, 1993 ) or viral (Benhamou et al., 1990 infections. (Holdsworth and Laties, 1989a, b; Granell et al., 1992) given by Drs Chaubet and Gigot (Lepetit et al., 1992) . In vitro culture conditions were a 16 h light (20-30 mE m−2 s−1, and by transient expression in protoplasts (Granell et al., elements and/or in stem node cells submitted to mechanical constraints have been defined using tobacco trans-RNA analysis genic plants carrying gene fusions made with promoter RNA isolation was performed as previously described fragments of rape (Shirsat et al., 1991) , bean ( Wycoff (Parmentier et al., 1995) . The amount and integrity of extracted RNAs were systematically checked with a potato 25S rRNA et al., 1995) and soybean (Ahn et al., 1996) extensin probe (Logemann et al., 1988) . Ext 1.4 specific probe consisted genes. The proximal region of the bean extensin gene of a DNA fragment spanning its 3∞ non-coding region (Hirsinger promoter was found to contain all regulatory elements et al., 1997) . The probes were labelled by random-priming required for basic expression of the gene in healthy plants, using 32P (Feinberg and Vogelstein, 1983). i.e. mainly in stem nodes and root tips ( Wycoff et al., 1995) . However, all these results have been obtained in Chimeric gene construction heterologous systems.
Plant material
DNA manipulations were performed according to standard procedures (Sambrook et al., 1989) . Seven constructs were
The regulation of extensin genes was studied in healthy designed and cloned in the pBluescript vector (Stratagene) and plants, and also during the regeneration of protoplast cell in the pBI101 vector . They are shown walls which is an extreme case of the wound response, in Fig. 1 . When fragments were obtained after amplification by and during cell wall synthesis in actively dividing cell polymerase chain reaction (PCR), they were completely suspension cultures. A tobacco extensin gene, Ext 1.4 sequenced in order to check for the absence of any mutation due to the Taq polymerase. The oligonucleotides used for (Hirsinger et al., 1997) has previously been characterized.
PCR amplification ended with restriction sites for convenient
This gene was found to have homologies to previously cloning in the Xba I and Sma I sites of pBI101.1: for the 5∞ characterized tobacco cDNAs (Memelink et al., 1993;  side, Xba I-AGCTTTAGATATTAGAAGGAAG, Xba I- Peeters et al., 1994) , but was clearly different from the AGCTTCGGTACTGTATACAAAG, and Xba Itobacco Ext 1.2 gene (Parmentier et al., 1995) and the AAGTCAATTTGAGCCGACAAC were used, respectively, and for the 3∞ side, the oligonucleotide Sma tobacco HRGPnt3 gene encoding a protein with a I-GGCCATTTTCCCCATCTTT was common to all three C-terminal extensin domain ( Keller and Lamb, 1989) . petit Havana SR1 were transformed as previously described regulated in mature plants, in protoplast-derived cultures, (Horsch et al., 1985) with slight modifications. During the 2 d
but not in response to wounding or elicitor treatment of of incubation in the presence of A. tumefaciens, leaf discs were leaves or to a viral infection leading to a hypersensitive put on a modified Murashige and Skoog (MS) medium reaction (Hirsinger et al., 1997) . In this work, various (Murashige and Skoog, 1962) . The NH 4 NO 3 concentration of fragments of the Ext 1.4 promoter were used to construct this medium was lowered 2-fold and 30 g l−1 sucrose, 0.25 mM NAA (naphthalene acetic acid ) (Serva) and 9 mM BA (6-benzylaminopurine) (Serva) were added. The leaf discs were sterilized and germinated on MS medium, diluted twice and supplemented with 300 mg l−1 kanamycin to get the T 1 progeny. subsequently transferred on the same medium with 150 mg l−1 kanamycin and 350 mg l−1 cefotaxime every 2 weeks for 4-6 weeks. The developing shoots were then transferred to the same Proliferations and organogenesis under hormone control medium without hormones for 2-4 weeks, and finally to a nonmodified MS medium diluted twice and containing antibiotics Agrobacterium tumefaciens infection was performed on internodes of greenhouse-grown plants with the A. tumefaciens for rooting. The plantlets were cultured in vitro until they grew sufficient roots, and were then transferred to the greenhouse.
tumour-producing strain B6S3 ( Vervliet et al., 1974 GUS reporter gene in the pBI101.2 vector. These isolation and culture was performed as previously described constructs were named (−4/−324), (−4/−1332), (Parmentier et al., 1995) . tion, were analysed and showed no detectable GUS consensus initiation sites of transcription and translation activity (not shown). (Fig. 2) . The TATA box is located 29 bp upstream from During the first 2 d of germination, expression of the the putative transcription start site as determined by (−1331/+46)Ext 1.4/GUS gene fusion was found in the comparison to an extensin cDNA sequence of tobacco endosperm and in the seed coat around the emerging root showing 100% homology to the Ext 1.4 gene in its leader ( Fig. 3a) and at the tip of the root of the young seedling sequence (Memelink et al., 1993) . This position is in ( Fig. 3b) . As the plantlet grew, expression was detected agreement with the position of (−32±7) bp usually at the junction between the radicle and the hypocotyl found in plants (Joshi, 1987) . The translation start site ( Fig. 3b) . After 1 week, staining was found at the bases has an A in position −3 and a G in position +4 which of cotyledons and in the piliferous zone of the root enhances translational efficiency according to the plant ( Fig. 3c) . Expression of the gene fusion could never be consensus sequence which is TAAACAATGGCT (Joshi, detected in apical meristems, nor in very young leaves 1987). Sequence comparison (Devereux et al., 1984) to ( Fig. 3d ) . During development of the plantlet, the pattern the promoter of an extensin gene from N. plumbaginifolia of expression of the gene fusion remained essentially the (De Loose et al., 1991) reveals 90% homology with six same in hypocotyls, but became highly variable in roots introduced gaps over the 450 bp proximal region of the ( Fig. 3e ): in half of the cases, there was nearly no staining promoter whereas the level of homology strongly or no staining at all; in the other half of the cases, staining decreases to less than 70% upstream from these 450 bp with numerous gaps.
was located in the piliferous zone ( Fig. 3f ) and especially in the epidermis and in root hairs ( Fig. 3g) ; in 1/20th of on both sides of the leaf trace as well as above and below this junction. GUS activity was also detected in internal the roots, it was found in the root meristem ( Fig. 3h-i) ; finally, staining could sometimes be found at the branchand external phloem (Fig. 3l ) . The level of expression of the gene fusion was higher in upper nodes than in lower ing of lateral roots (not shown). All these different patterns of expression could be found in the roots of nodes. The same type of staining was found in floral pedicels ( Fig. 3m) . No detectable GUS activity was found one plantlet.
In roots of adult plants, staining was observed only in in leaves.
In flowers, expression of the gene fusion was developroot primordia and at branching of lateral roots (not shown). In stems, expression of the (−1331/+46)Ext mentally-regulated. Filaments and connective tissue were stained in stamens of young flowers (Fig. 3n ), but this 1.4/GUS gene fusion was essentially found at the level of nodes ( Fig. 3j, k, l ) , at the junction between the stem staining disappeared in open flowers. Staining was found in the receptacle and in the ovary at all developmental and the petiole: staining was located in the cortical tissue stages ( Fig. 3o, p) . In the ovary, tissues surrounding the stems of transgenic plants infected with A. tumefaciens was then performed in order to identify the cells vascular tissues were stained as well as the placenta and the locular tissue. A particularly intense staining was expressing the Ext 1.4 gene. Stems of plants transformed with the (−1331/+46)Ext 1.4/GUS construct were detected in the external part of the zone of carpel fusion. Expression of the gene fusion was found in mature pollen sectioned 1, 4, 7, 10, 14, and 18 d after inoculation. GUS activity was detected from the first to the last day of grains and during pollen germination (Fig. 3q, r, s) . During the formation of the pollen tube, the staining was experiment. Almost no staining was detected in mockinoculated stems 6 d after treatment (Fig. 5a , c) except located in two regions: in the pollen grain itself and at the tip of the tube around the nuclei. In fruits, the staining in the area surrounding the wound performed prior to inoculation which was sometimes stained. In infected was found in the same tissues as in the ovary and in the funiculus of the seeds (not shown).
plants (Fig. 5b) , expression of the gene fusion was first localized in the pith infected by the bacteria which was The analysis of adult plants shows that the (−1331/+46)Ext 1.4/GUS gene fusion is active in specific clearly visible before staining because of its spongy aspect. When the gall developed, staining was more important in cells or tissues. These results are consistent with those previously obtained by Northern analysis ( Hirsinger et al., its external part which corresponds to the activelydividing cells (Fig. 5d ) . Since sections were made in a 1997). Transgenic plants carrying this gene fusion were also used for analysis of the pattern of expression of the parallel or in a perpendicular way with regard to the gall, inequal penetration of the substrate into tissues cannot gene fusion in cells proliferating under hormone control.
explain this repartition. Expression of the Ext 1.4/GUS gene fusion in cell Induction of cell proliferation was also obtained on proliferations and during organogenesis under hormone roots. A synthetic auxin, namely 2,4-D, was used for control these experiments. Roots of transgenic plants carrying the (−1331/+46)Ext 1.4/GUS construct were analysed As shown before (Parmentier et al., 1995; Hirsinger et al., at various times after the beginning of hormone treatment. 1997) regulation of tobacco extensin genes is completely As a control for identification of dividing cells, roots of different in cells organised in tissues and in calli. As a tobacco plants transformed with a chimeric gene including first step to study the regulation during cell proliferation, a fragment of a H4 histone gene promoter (H4A748) the accumulation of transcripts of the Ext 1.4 gene family (Lepetit et al., 1992) were treated in the same way. contrary, emerging roots were strongly stained in the case eration upon hormone treatment; (iii) protoplast-derived of transgenic tissues carrying the H4A748/GUS construct cultures which illustrate the situation of cell suspension (not shown). Later, after completion of organogenesis, cultures. No significant GUS activity could be detected expression of the (−1331/+46)Ext 1.4/GUS construct in samples originating from plants transformed with the was found at the place expected from analysis of whole (−4/324) or (−4/−1332)Ext 1.4/GUS gene fusions, i.e. plants (compare Fig. 3c and Fig. 5j ). Note that no in the case of the Ext 1.4 promoter in reverse orientation expression was found in meristematic tissues as was found ( Table 1 ; Fig. 6 ). for the H4A748/GUS construct (Fig. 5k) . The same kind
The presence of a Hind III restriction site located 4 bp of result was obtained in the case of shoot formation on upstream from the putative transcription start allowed calli induced on leaf petioles (not shown). In plants carrying the (−1332/−4)Ext 1.4/GUS coninduced on leaf discs by hormone treatment and in struct, GUS activity was detectable by histochemical protoplast-derived cultures. Histochemical analysis analysis only in stem nodes and in pollen grains ( Table 1) . ( Table 1 ) and quantitative fluorometric assays were Fluorometric assays performed on 3-d-old germinating performed ( Fig. 6) . The activity of the fragments of the seeds (Fig. 6A ) and on calli induced on leaf petioles by Ext 1.4 promoter has been quantified in three different hormone treatment (Fig. 6B) showed no significant situations: (i) 3-d-old germinating seeds where mechanical difference with control plants. However, the activity of constraints occur during the emergence of the radicle; (ii) calli induced on petioles which correspond to cell prolifthe (−1332/−4)Ext 1.4/GUS gene fusion increased 13-fold with regard to control after 7 d of culture of cultures from transgenic plants (Fig. 6) . In protoplasts from plants transformed with the −1331/+46)Ext mesophyll protoplast-derived cultures (Fig. 6C ) . These results suggest that the (−1332/−4)Ext 1.4/GUS is still 1.4/GUS chimeric gene, a 10-fold increase in GUS activity was found after 2 d of culture which went up to a 60-fold functional, but that some regulatory elements active at the transcriptional or at a post-transcriptional level are increase after 7 d of culture. This is consistent with the Northern analyses done before in which it was shown present between −4 and +46.
Transgenic plants carrying constructs containing that Ext 1.4 mRNAs were detected at a low level in freshly-isolated protoplasts, but progressively accumusequential deletions of the 5∞ distal flanking region were also analysed (Fig. 1B) . The results obtained after histolated from 2-6 d of culture (Parmentier et al., 1995) . The activity of (−323/+46)Ext 1.4/GUS gene fusion chemical analysis of GUS activity are summarized in Table 1 
Discussion

Fluorometric assays performed on 3-d-old germinating
The analysis of the pattern of expression of the tobacco seeds (Fig. 6A) showed a progressive increase in Ext 1.4 extensin gene in adult plants shows that it is GUS activity between the (−173/+46) and the expressed in specific cell types, and especially in cells (−323/+46)Ext 1.4/GUS constructs and a greater subjected to mechanical stresses. Moreover, the Ext 1.4/ increase when the promoter region was enlarged to GUS gene fusion was not found to be expressed in (−1331/+46). This suggests the presence of cis-acting meristems whereas it was expressed at a high level in elements active for expression during germination actively-dividing protoplast-derived cultures and in cells between −173 and +46, in the organs or tissues of the proliferating under hormone control. Several domains in mature plant between −323 and +46 and of enhancer the Ext 1.4 promoter were defined after analysis of the elements between −1331 and −323. ( Table 1) . These results suggest the presence of cis-regulatory elements active for expression in calli in the most part of the root, in the endosperm and in the seed coat around the emerging root show expression. This can be proximal region of the promoter, i.e. between −173 and +46. Again, a great increase in GUS activity is noted explained as a consequence of the mechanical stresses encountered in breaking the seed coat. In roots, expression with the (−1331/+46)Ext 1.4/GUS construct, which may indicate the presence of enhancer elements in the of the Ext 1.4/GUS gene fusion was found at the branching of lateral roots in cortical cells compressed by the (−1331/−323) domain.
Finally, the activity of the different Ext 1.4/GUS emerging root. However, the pattern of expression in roots was very variable, which suggests that reinforcement fusions was analysed in mesophyll protoplast-derived of the expression in the cortical cells around the leaf trace in stem nodes again suggests that the Ext 1.4 protein is required in a zone where mechanical stresses are severe. This is in agreement with the pattern of expression of an extensin gene of N. plumbaginifolia analysed with in situ hybridization experiments ( Tiré et al., 1994) and those of a bean extensin ( Wycoff et al., 1995) and of the Brassica napus extA (Shirsat et al., 1996) chimeric genes in transgenic tobacco plants. Expression of a maize HRGP gene was also described in maize shoot nodes (Hood et al., 1991) . Finally, expression of the Ext 1.4/GUS gene fusion was also found in the external part of the zone of carpel fusion. This is also the place where the dehiscence of the capsule will occur. The reinforcement of the cell wall might protect this zone from early opening during fruit growth.
Expression in conducting tissues of the stem is in agreement with already described results of extensin gene expression: localization in outer and inner phloems has been shown to occur in tobacco, petunia and tomato with tissue-print experiments ( Ye and Varner, 1991; Ye et al., 1991) and in tobacco with in situ hybridizations ( Tiré et al., 1994) . Contrary to the bean HRGP4.1 gene ( Wycoff et al., 1995) and to the soybean SbHRGP3 (Ahn et al., 1996) , expression of the Ext 1.4/GUS gene fusion was not enhanced either by wounding or by wounding in the presence of sucrose (not shown).
Here, for the first time, the pattern of expression of an extensin gene in flowers is described. In stamens of young flowers, the Ext 1.4/GUS gene fusion is expressed in the connective tissue, in mature pollen grains as well as during their germination. In ovaries, it is expressed in the placenta, in the locular tissue and, as mentioned above, in the external zone of carpel fusion. The expression found in the pollen indicates that Ext 1.4 is probably a component of the cell wall of pollen and of the growing pollen tube which both contain glycoproteins and hydroxyproline (Mascarenhas, 1993) . Ext 1.4 would belong to the late gene class supposed to encode proteins required for pollen maturation and pollen tube growth the isolation of the pAP8 clone which encodes an extensin (Peeters et al., 1994) . This gene is only expressed in explants which will develop flower buds and its expression of the cell wall may not be necessary in the whole root is restricted to epidermal and subepidermal cells. On the system of the plant as suggested by Tiré et al. (1994) . contrary, extensin-like genes have frequently been shown The same type of pattern has been described for the extA to be expressed in flowers: in Anthirrhinum, an extensinrape gene (Shirsat et al., 1991) and for the HRGPnt3 tobacco gene ( Keller and Lamb, 1989) . The localization like gene is confined to the transmitting tissue of the style and mature stigma (Baldwin et al., 1992) ; in N. alata great influence over the level of expression of the gene fusion; the (−173/−4)bp domain allows expression in (Chen et al., 1992) and in N. tabacum (Goldman et al., 1992) , extensin-like genes are respectively expressed in cells dividing in response to hormone treatments and contains elements required for expression during germinathe transmitting tissue of the style and in the pistil; in maize, an extensin-like glycoprotein has been charactertion, for tissue-and organ-specific expression in mature plants at least in stem nodes, pollen grains, anther ized in the pollen tube wall (Rubinstein et al., 1995a, b) .
filaments and the external zone of carpel fusion; the (−323/+46)bp domain allows expression in roots and in Is expression of the Ext 1.4 gene related to cell division? the connective tissue of anthers; the (−1331/+46)bp The Ext 1.4/GUS gene fusion was never found to be region allows expression in the placenta; finally, the expressed in shoot meristems and only in rare cases in (−1331/−323) contains enhancer elements. Such a root meristems, even though Ext 1.4 mRNAs were structure has already been described in the case of the detected by Northen blot analyses in apexes (Hirsinger promoter of the bean HRGP4.1 gene: the proximal region et al ., 1997) . In this case, a closer examination allowed of this promoter contains cis-elements required for the us to conclude that this activity was in fact due to the basic pattern of expression whereas the distal region expression of the gene just below the meristem, at the contains enhancer elements ( Wycoff et al., 1995) . junction between the emerging leaves and the axis.
The level of GUS activity was strongly reduced in However, Ext 1.4 was found to be expressed in protoplasttransgenic plants containing constructs with fragments of derived cultures 2 d after protoplast isolation, i.e. after the Ext 1.4 promoter in transcriptional fusion, i.e. lacking cell wall repair following wounding and just before the the (−4/+46)bp region which contains the putative first divisions (Parmentier et al., 1995) . It was also transcription start and the untranslated leader sequence. expressed in actively-dividing cell suspension cultures This indicates the presence of sequences important for (Hirsinger et al., 1997) and in cells proliferating under the regulation of Ext 1.4 at a transcriptional or a posthormone control like in A. tumefaciens-induced stem transcriptional level in this region. This result has to be tumours or in calli. In all these latter cases, the observed compared to the lack of activity of a gene fusion comprisexpression was delayed with regard to the beginning of ing the (−1200/−9)bp domain of a N. plumbaginifolia the experiment showing that it was not directly induced extensin gene mentioned above ( Tiré et al., 1994) . by the hormone treatment (Abel and Theologis, 1996) .
However, initiation of transcription is still possible from Moreover, two tobacco extensin genes showing homologthe (−1331/−4) construct since GUS activity is clearly ies to Ext 1.4 are expressed either in A. tumefaciensdetected in mesophyll protoplast-derived cultures from induced stem tumours or in thin-layer explants in the the corresponding transgenic plants. Some viral leader presence of cytokinins (Memelink et al., 1987 ; Neale sequences have already been shown to act as translational et al., 1990) . On the other hand, induction of expression enhancers. For instance, alfalfa mosaic virus leader of an extensin gene in cortical cells of galls caused by sequence significantly increased the level of expression of nematodes on tobacco roots has been suggested to be the GUS gene in transient expression experiments due to the compression exerted by developping tissues ( Warkentin et al., 1992) . In electroporated protoplasts of rather than to cell division (Niebel et al., 1993) . These Phaseolus vulgaris, an increase in the reporter gene activity results show that the expression of Ext 1.4 does not seem was also observed after insertion of the V leader sequence to be related to cell division in adult plants. The high of tobacco mosaic virus in the promoter of the luciferase level of transcription of Ext 1.4 in proliferating cells gene (Leon et al., 1991) . On the contrary, deletion of the should rather be related to the particular composition of 5∞ untranslated leader sequence of a 3-hydroxytheir wall. Indeed, the hydroxyproline content of cell 3-methylglutaryl CoA reductase (HMGR) gene has been suspension culture walls is higher than that of plant shown to result in a lack of expression ( Enjuto et al., tissues ( Wilson and Fry, 1986) . Moreover, the presence 1995). This leader sequence contains a short polypyrimiof hydroxyproline-rich glycoproteins seems to be essential dine strech supposed to be required for gene expression. for protoplast cell wall formation since culture of protoInterestingly, such a sequence is also present in the leader plasts in a medium containing a prolyl-hydroxylase sequence of the Ext 1.4 gene and could thus be involved inhibitor leads to cells having abnormal shapes and unable in regulation of its expression. to divide (Cooper et al., 1994) .
Only a few extensin gene promoters have been analysed so far. A high level of homology was found to the Localization of cis-regulatory elements in the promoter proximal region of the promoter of a N. plumbaginifolia region of Ext 1.4 extensin gene (De Loose et al., 1991) which probably has a regulation very similar to that of Ext 1.4. However, the Several domains have been defined in the promoter region of the Ext 1.4 gene: the most proximal domain only information about this promoter is that a construct containing the (−1200/−9)bp promoter region is not (−4/+46)bp including the RNA leader region has a able to reproduce the pattern of expression of the gene depending on the function of the cell. On the contrary, Ext 1.4 together with Ext 1.2 are expressed at a high level ( Tiré et al., 1994) . Otherwise, no significant homologies were found with other extensin gene promoters including in cell suspension cultures and in calli. It suggests an important role for extensins in the wall of such cells as the N. sylvestris Ext 1.2 promoter (P Guzzardi and E Jamet, unpublished results), and with cis-elements active proposed by Cooper et al. (1994) . Experiments are under way to test this hypothesis. in protoplasts already characterized in the promoter of the carrot extensin gene (Holdsworth and Laties, 1989a, b; Granell et al., 1992) . Sessa et al., 1995;  l'Enseignement Supérieur et de la Recherche to CH and IS.
Ohme-Takagi and , salicylic acid (Goldsbrough et al., 1993) or elicitors ( Kato et al., 1995) ; Meier et al., 1991; Raventos et al., 1995) , do not seem to References be active. Indeed, although numerous extensin genes were shown to be induced in response to those treatments (for transcripts do not accumulate under these circumstances 1996. A novel extensin gene encoding a hydroxyproline-rich (Parmentier et al., 1995; Hirsinger et al., 1997) . Several reduced by an antisense strategy (Memelink et al., 1993) .
